Abstract: Monofloral rape, sunflower, linden and acacia honeys as well as honeys sampled within and around the Austrian towns Vienna and Linz, as well as in rural areas in Lower Austria, were analysed for main and trace elements. The results were tested to be used as indication of urban dust exposure. Main elements of the ash are K, P, and B, which are specific for plant origin. Ash based data correct for dilutions by the sugar matrix. They showed enrichments of Cu, Zn and Mo, whereas the contaminant elements Cd, Pb and Co were found at about the same levels as expectable in dust. Ash-based Al, Fe, Cr and Li were much lower than soil levels obtainable from aqua regia. Among the monofloral honey samples, the effect of adjacent soil was largest for Mn. Most differences between rural areas and urban areas in Vienna and Linz were within experimental errors, both per sample weight and per ash weight. In cases honey samples are considered to trace contaminations, the additional use of ash-based data is recommended.
Introduction Honey as a biomonitor
Modern life style in connection with an enormous increase in the use of vehicles, the massive increase in power generation and the industrialization of agriculture have increased dramatically the pollution of the environment. Biological monitoring has the advantage of measuring integrated exposure from all sources.
Within a bee hive, about 10,000 individuals are continuously working daily upon about 1,000 blossoms, growing at an area of usually more than 7 km 2 [1] . Contrary to the data from a single individual honeybee, effects of short-time variations in location and time get balanced by the bees´ metabolism. Spatial differences will be masked by inherent differences in the elemental content of honey at any one location. Therefore it has been obvious to use honey as a bioindicator-substrate to estimate environmental pollution.
Modern multi-element determination methods enable to determine several elements of satisfactory recovery during the digestion procedure. Data from as many elements as possible permit the discrimination between randomly occurring elements and those, which are indicative for effects whatsoever.
Composition of honey in general
Honey consists essentially of different sugars, predominantly fructose and glucose as well as other substances such as organic acids, enzymes and solid particles derived from honey collection. The colour of honey varies from nearly colourless to dark brown. The consistency can be fluid, viscous or partly to entirely crystallised. Flavour and aroma vary, and are due to the plant origin. Honey is a characteristically quite acidic item, its pH being between 3.2 and 4.5, which is low enough to be inhibitory to many animal pathogens. Gluconic acid was found to be the principal acid in honey. The acid-producing enzyme in honey is a glucose oxidase producing gluconic acid and hydrogen peroxide from glucose.
When the composition of various food items are compared, honey contains all elements at lowest levels, except C (from its sugar matrix), K and B [2] .
Plant sources
When honey bees (Apis mellifera L.) feed mainly on nectar and pollen, they produce various kinds of floral honey, which can be characterized by flavours and pollen detected therein. But in forests, beneath various blossoms, honeybees collect also honeydew produced by aphids sucking the sap from the leaves of the trees. The inorganic matrix, which is termed as the ash, is received after combustion or volatilization of the sample. It can be calculated as the sum of the respective metal and non-metal oxides. Calculated ash and electrical conductivity are strongly correlated with the K-contents, which makes the main inorganic cation. Whereas K and most of the trace elements and thus the ash contents, reach higher levels in honeydew honeys, boron and Ca behave opposite (see e.g. Table 1 ) [2, 3] . Table 1 Calculated ash content and electrical conductivity in honey samples from East of Austria (A) and Greece (GR) and correlation between ash and conductivity (from [3] 
Environmental impacts on honey composition
The composition of honey depends on green plant origin, the bee race, soil composition, distance to the sea, inputs from beekeeping and honey processing, as well as environmental contaminations by dust pollution covering the entire area (industries, cities; but not streets and railways) [2] [3] [4] [5] . Many papers do not give any indication of these parameters, however.
The choice of the nutritional substrate is determined by availability and genetics of the bee race. Beneath plant selection, input of dust from the bees' hair and the metabolism in the honey-vesicle have to be considered. Less collection efficiency might lead to less dilution of adhering dust by sugars. In Europe, bee-keeping is restricted to apis mellifera only and all data from this work and from references cited, refer to honey from these [5] .
As a highly viscous liquid, honey is a good adhesive for dust particles. Dust particles might emanate from the abrasion of rocks, buildings and roads, from combustion processes, from sea-salt aerosol and from organic debris [3] . The local influences of highways and roads seems marginal due to the sampling strategy of the bees [1] (see also below).
In order to exclude variations due to plant composition and environmental impacts, effects of soil composition get only revealed, when monofloral honeys from different obviously non-contaminated locations are compared. Rape was selected because it is easy to find fields of it at different sites. Among monofloral rape honey samples, manganese (r = 1.00), but also nickel, iron and molybdenum correlated with the respective aqua regia soluble contents in the soil, the most significant slope was observed for manganese. As manganese can be measured rather easily, it could be considered as indicative for the site of the origin of honey. The levels of most other elements were presumably subject to the metabolism and transport pathways of the rape plant, including the non-metabolically driven contents of lithium and strontium [4] .
Composition of commercially available honeys and historic samples
Usually, data from about 1850 are taken as the zero for industrial contamination and metal inputs to the environment have grown after this time. For honey, however, this is not the case. Frequently, data about concentrations met in honey found in older papers are much higher than from recent ones, due to laboratory blanks and determinations close to the detection limits. It can be assumed, however, that in former times there was some input of dirt from centrifugation and further processing of the honey samples, as well as dust from unpaved roads and coal burning, which could be the case particularly for 3 rd World countries still today.
Within a government report [6] (detailed data have not been published yet), much lower levels of any ion in 122 commercial honey samples from Europe in 2009 (but samples from China, Tunisia and Australia were within this range) were found, than in 28 historic samples from 1927, found in the Tyrol and analysed by the same analytical methods, however [7] . Medians and ranges are given in Table 2 . 
References about honey as an environmental indicator
In the North of England, emissions of smelters around Liverpool and Birmingham markedly increased Ag, Cd and Pb in honeys sampled within the entire area, whereas proximity to roads had no effect, in spite of intense use of alkylated Pb-compounds in the fuel at this time. Similarly, no significant correlations between the concentrations met in honey and soils adjacent to the bee hives, were found [8] .
In Poland, effects of a copper smelter were clearly visible in As, Cd, Zn and Pb honey contents, whereas seasonal effects were marginal (except for Zn) [9] . But trace elements in honeys from rural areas of Poland were close to samples from Sweden and Finland [10] .
In the city of Rome, honeybees and, to a lesser extent, some of their products (pollen, propolis, wax), but not honey, were considered as representative bioindicators of environmental pollution for Cd, Cr and Pb [11] .
Other authors have investigated honey samples from Spain [12] , Portugal [13] , Chile [14] , Egypt [15] , or Turkey [16] .
Material and methods
Most of the honey samples were obtained directly from beekeepers. Samples obtained at the roof of the biocenter university building Vienna, at the University of Natural Resources and Life Sciences Vienna, as well as the monofloral honeys were obtained from the working group of bee-research, established at the University of Natural Resources and Life Sciences Vienna.
The monofloral honeys were isolated directly from the honeycombs, which were cut with a plastic knife and the covers removed with a plastic comb. These samples were placed in plastic beakers and put into a drying oven (40°C) in order to melt and to collect the outflowing honey from wax and pollen [4] .
For the determination of total element contents, 4 g of honey samples were weighed into 50 cm 3 Erlenmeyer flasks (precleaned with hydrochloric acid), 30 cm 3 of suprapure nitric acid (65%) were added and gently heated in a special fume cupboard equipped with alkaline washing of exhaust gases to absorb the nitrous oxides evolved and finally temperature was gradually increased. When the residue had come to almost dryness at 140°C, 25 cm 3 of ultrapure water were added, mixed and filtered from wax into disposable plastic cups. Contrary to green plants containing cellulose, or feed and food samples containing substantial amounts of fat, addition of perchloric acid or hydrogen peroxide was not necessary. Each batch was accompanied by 2 blanks [2] . Water purified by reverse osmosis had to be used exclusively. Checks revealed that the wax contained even less minerals than the honey.
A simultaneously operating optical ICP (Perkin Elmer Optima 3000 XL) was used as a multi-element analytical tool, due to low analyte levels the sample solutions were used undiluted. K was determined by flame emission on a Perkin Elmer 3030 AAS after appropriate dilution (20-100 fold). Pb, Cd, Cr and Mo were analysed by graphite furnace AAS on a Perkin Elmer 3030 Z, equipped with Zeeman background correction.
The recovery of all elements investigated including boron was > 90%, except for sulphur (recovery of S from methionine was just 40-64%). Sulphur data given below are thus just minimum values; no sulphur data were found in the references, however. Barium traces seem to interact with the glass and respective data were not reliable.
Detection limits were calculated from the standard deviations of the average of differences of the two blanks analysed within each batch. Considering 4 g sample digested and made up to 25 cm 3 , in the graphite furnace detection limits of 0.0001 mg/kg for Cd, 0.004 mg/kg for Pb, 0.001 mg/kg for Mo and 0.0015 mg/kg for Cr had been achieved, which permits reliable data in most cases, whereas many data for Co and V were smaller than the detection limits achieved at the ICP-OES (0.006 mg/kg for Co and 0.007 mg/kg for V, resp.). In case an appreciable part of data is below detection limits, in the subsequent data tables, data ranges are given instead of mean and standard deviation.
Results and discussion
The composition of honey depends on the plant origin (floral honey -honeydew honey), soil composition, bee race, and possible contaminations from dust immissions and honey processing [2] . Within Europe, no other bees except apis mellifera have been admitted. Processing in the lab was done as clean as possible (see above). In spite of different climatic conditions and plant cover ([3], Table 2 ), similar concentration levels and differences between floral honey and honeydew honey appeared between samples from Austria and Greece. Correlations with soil composition obtained by aqua regia, however, are less than expected [4] . With respect to more recent data from Turkey [16] , the data presented in this work tend to be at the same level in Cu, Mn, Cr and Pb, somewhat lower in Cd, Zn and Fe, but slightly higher in Al and Ni. Tables 3, 5 and 7 show very low levels of inorganic matrix elements, except for K and B. Indeed, levels met in honey are usually lowest among various food items, maybe except for sugar (not investigated). High boron is probably also a tool to detect forgeries of honey by coloured sugar solutions. Antibacterial activities of honey has been known for more than a century (first report in 1892, reviewed in [17] ). Beneath osmotic effects because of low water activity, acidic pH and enzymes like glucose oxidase, high boron contents might be a reason of antibacterial activities also.
Ash-based data
Determinations of all main elements permit to calculate a presumable ash contents from the sum of the elements after transformation to the respective oxides (as it is usual in geology). Tables 4, 6 and 8 contain respective data referring to ash. These ash-based data correct for dilution by various sugars and else organics.
Beneath pollen composition for floral honeys, and transported loads in the phloem sap in case of honeydew honeys, some input via dust immission might occur. Dust immission measurements were not available on site, but it turned out that among the ash-based data, Cd, Pb, Mn and Sr were found to range within the levels met in arable soils, whereas Cu, Mo, Ni, Zn and above all B were enriched, and on the other hand, Al, Fe, Cr, Li and V were depleted (Tables 4, 6, 8) , presumably due to green plant physiology.
For some of the samples, pollen analyses and electrical conductivity of 10% sample solutions were available. Ash contents, calculated as the sum of the respective metal and non-metal oxides, as well as electrical conductivity, are clearly different for floral and honeydew samples. Because K is undoubtedly the main inorganic component of honey, some smaller labs may limit their investigations to determine K and electrical conductivity. A look at Tables 4, 6 and 8 shows that calculations of total ash from K only are not reliable, however.
Ash-based data might reflect soil influences even more (Table 4) , particularly if the elements get sorted in the order of descending concentration per ash. 
Monofloral honeys
Analysis of monofloral honeys from presumably non-contaminated sites (Table 3) shows that both the kind of plant and the soil composition influence honey composition. Monofloral honeys were collected in fields of rapeseeds and sunflowers and compared with aqua regia data from soils sampled at the site of the bee hive (Table 3 ; [4] ). Monofloral honey of the similar plant origin differ at various sites, and vice versa. From this, estimations of the composition of non-contaminated honey from pollen analysis resp. plant origin will fail.
Monofloral honeys are not easily to obtain, and data are hardly found in the literature. The beekeeper has to move the hives to the field or the orchard just in time, collect the honey immediately after flowering and move the hives elsewhere. Because flowering lasts only a few weeks, bees have to get their nutrition from other sites during the rest of the season. Collection of monofloral honey was only possible to be done by colleagues from the beekeeping department in our house.
The selected sites were all situated in Lower Austria and differed in soil type and climate, but fertilization rate was about equal. At Hollabrunn, we meet a calcic chernozem on loess (pH 7.4), at Holzing (near Wieselburg) a haplic gleysol (pH 6.8) and at Wiener Neustadt a gleyic phaeozem (pH 7.5). Whereas the original data from rape honey and sunflower honey correlated with Mn, Ni, Fe and Mo aqua regia soluble contents of the soil, the ash-based data correlated with Mn and Cu [4] .
With respect to floral and honeydew honeys sampled in gardens and close to woods, monofloral honeys from rape, sunflowers, acacia and lindens contain higher proportions of P and Ca over K, which can be more clearly seen in the composition of (calculated) total ash contents in Tables 4, 6 and 8.
Differences between urban and rural areas
Within Table 5 , data from honeys sampled within a rural area partially covered with woods and no close industrial emission (Scheibbs district), are compared with honey data from western suburbs of Vienna and Vienna Woods, from gardens in the northern part of Vienna (around the University of Natural Ressources and Life Sciences Vienna), as well as from a university building close to a highway and railway station (Biocenter Althanstrasse). Differences in plant cover result in differences in K, Cu, and Zn contents. Elements indicating pollution, like Cd, Pb, Cr, and Ni, were found at about the same levels.
Similarly, corresponding calculated ash based data (Table 6 ) did not show enrichments of pollutant elements at the urban site. This can be explained by the collection strategy of the bees, which moved to a park close to the riverside (Donaukanal) nearby and did not cover their surrounding homogeneously. Bees flying to the highway or railway will never come back and others go to the site where something has been found. Similarly, bee hives put close to a highway did hardly contain contaminated honey [1] . High contribution of "less mineralized" floral honey counteracts effects of the city, but even among ash-based data, the honeys from the rural area contained more Cd, Cu and Mn.
The city of Linz is a nucleus of steel and chemical industry in Austria, and had been a pollution hotspot from heavy industries in the past. Tables 7 and 8 contain honey data arranged within an approximate profile starting from rural areas north of the city, moving to northern suburbs, to a central area, and finally to southern suburbs (Molasse area). Whereas in the northern part, acid soils upon igneous rocks prevail, the city and its southern suburbs are situated in a Molasse zone of tertiary and quaternary origin. Table 7 Honey samples around Linz/Upper Austria, per sample weight Among the main constituents, decrease of K and P together with increase in B indicate an increase of floral components from north to south. The levels of contaminant elements were at the same levels in the city area and outside. Among the corresponding ash-based data only, higher Cd appeared for the city sites. Among ash-based data, Ca, Mg, Na, Al, B and S were enriched in the Molasse zone, whereas data obtained from the original samples suggest the opposite. This might reflect differences in geology, but also the effect of some woods within the action range of the bees, resulting in higher total ash and lower %K in ash contents. Possibly, the proximity of highway A1 to the sites in the Molasse zone is reflected by higher Pb and Cr just in the ash-based data, too. Table 8 Honey samples around Linz/Upper Austria, main element composition and trace elements per ash weight honeydew honey. Because dilutions by the sugar matrix are eliminated, ash-based data reflect inputs from dust and pollen in a more reliable way. Ash-based data show Cd, Pb and Co at about the same levels than expectable in dust, whereas Cu, Mo and Zn get enriched by physiological reasons and thus should not be taken as proper indicators for environmental contaminations.
Due to the sampling strategy of the honeybees to collect at specific spots instead of homogenous sampling at the entire area, however, differences between urban, suburban and agricultural areas in Vienna and Linz were small and within experimental errors.
